Method and arrangement for decoding 

FIELD 

[0001] The invention relates to a method and arrangement for per- 
forming Viterbi decoding. In particular, the invention relates to calculating path 
5 metrics. 

BACKGROUND 

[0002] The channel used in telecommunications systems often 
causes interference to data transmission. Interference occurs in all kinds of 
systems, but especially in wireless telecommunications systems, the transmis- 
10 sion path attenuates and distorts in many different ways the signal being 
transmitted. The multipath propagation of the signal, different fades and reflec- 
tions, and other signals being transmitted on the same transmission path typi- 
cally cause interference on the transmission path. 

[0003] To reduce the impact of the interference, several coding 
15 methods have been developed to protect signals from interference and to en- 
deavour to eliminate errors caused by interference in signals. Convolutional 
coding is a much-used coding method. In convolutional coding, the signal to be 
transmitted that is made up of symbols is coded into code words that are 
based on the convolution of the symbols to be transmitted with so-called gen- 
20 erator polynomials (coding polynomials). The coding ratio and coding polyno- 
mials define the convolutional code. The coding ratio (k/n) refers to the number 
(n) of the produced coded symbols in relation to the number (k) of the symbols 
to be coded. The coder is often a shift register. The constraint length (K) of a 
code often refers to the length of the shift register. The coder can be consid- 
25 ered a state machine having 2 K ~ 1 states. 

[0004] A receiver decodes the coded signal that propagated 
through the channel. A convolutional code is usually decoded using a trellis 
whose nodes describe the states of the encoder used in coding the signal, and 
the paths between the nodes belonging to different stages of the trellis de- 
30 scribe the allowed state transitions. A decoder tries to find out the consecutive 
states of the coder, i.e. the transitions from one state to another. To find out 
the transitions, the decoder calculates metrics, of which there are two types: 
path metrics (or state metrics) and branch metrics. Path metrics represent the 
probability of the set of symbols in the received signal leading to the state de- 
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scribed by the node in question. Branch metrics represent the probabilities of 
different transitions. 

[0005] The basic element in calculating a trellis is a unit known as 
the ACS (Add, Compare, Select) unit, by means of which path metrics are cal- 
5 culated in the nodes by using the path metrics of the previous nodes and 
branch metrics between the nodes. To improve the efficiency of the equipment, 
two ACS units are often combined as a twin unit, also called a butterfly. Each 
unit can thus calculate two nodes simultaneously. 

[0006] A convolutional code is usually decoded by means of the 
10 Viterbi algorithm. The Viterbi algorithm is a computationally demanding task. A 
general problem with the Viterbi algorithm is that when the constraint length of 
the convolutional code is long (e.g. 9, as in WCDMA of the UMTS system), the 
Viterbi algorithm must search through 2 (9_1) , i.e. 256, states to decode one bit. 
To achieve sufficient speed for such calculation, the calculation of several ACS 
15 units must be performed in parallel. A set of parallel twin ACS units is generally 
called a bank. There are typically fewer parallel ACS units than states in a trel- 
lis. This is why the calculated metrics must be stored in a cache memory. In 
implementations according to the prior art, there is one memory read-write op- 
eration per each new calculated metric. Therefore, the memory size is large 
20 and the data buses over which information is transmitted between the memo- 
ries and ACS units are large. This in turn decreases the integration density 
when performing the calculation by hardware. For instance, if the implementa- 
tion comprises 32 parallel ACS units and the path metric is presented as 12-bit 
figures, the memory and data bus is 384 bits wide. 

25 [0007] When the calculation is done by software, the performance 

of the decoder software is decreased by high memory usage that is substan- 
tially slower than the use of processor registers. The number of registers in a 
processor is limited. 

BRIEF DESCRIPTION OF THE INVENTION 
30 [0008] It is an object of the invention to provide a method and an ar- 

rangement for performing decoding in an advantageous manner. The invention 
provides a method for performing Viterbi decoding by means of a trellis, in 
which a set of consecutive metrics of the trellis is calculated using the metrics 
of the previous stage of the trellis calculated by one or more ACS units directly 
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as input for one or more ACS units to be used in the calculation of the next 
stage of the trellis. 

[0009] The invention also provides an arrangement for performing 
Viterbi decoding by means of a trellis, which arrangement comprises one or 
5 more ACS units. Connections between the inputs and outputs of the ACS units 
are implemented in such a manner that in calculating the consecutive metrics 
of the trellis, the calculated metrics of the previous stage of the trellis obtained 
from the outputs of the ACS units are directly connected to the inputs of the 
ACS units to be used in the calculation of the next stage of the trellis. 

10 [0010] In one embodiment, the input pairs of the ACS units are se- 

lected and the connections between the twin units are grouped so as to mini- 
mize the storing of the metrics into a memory during the calculation. Because 
the use of a cache memory is slow, the solution provides the advantage, for 
instance, that the calculation can be done quickly. The solution is suited for 

15 both hardware and software solutions. 

[0011] The solutions of the preferred embodiments can be utilized in 
all applications that use a trellis. In addition to the above-mentioned decoding 
of convolutional coding, such applications include the decoding of other types 
of code, equalization, multiuser decoding and speech recognition. 

20 LIST OF FIGURES 

[0012] The invention will now be described in more detail by means 
of the preferred embodiments and with reference to the attached drawings, in 
which 

Figure 1 is a simplified block diagram of the structure of radio sys- 

25 terns, 

Figures 2A and 2B show an ACS unit, 
Figures 3A and 3B show connections between ACS units, 
Figures 4A to 4C illustrate examples of embodiments, 
Figure 5 is an example of a software solution, and 
30 Figure 6 illustrates the invention by means of a flow chart. 

DESCRIPTION OF THE EMBODIMENTS 

[0013] Figure 1 shows an example of a data transmission system to 
which the preferred embodiments can be applied. One possible system is for 
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instance UMTS (Universal Mobile Telecommunications System), other wide- 
band systems can also be used. In the following, the preferred embodiments 
are described using the UMTS system as an example, without, however, being 
limited to it as is clear to a person skilled in the art. 

5 [0014] Let us now clarify the terminology used in the application. A 

radio system refers herein to the radio access technology layer RAT of tele- 
communications systems that belongs to the access stratum AS above which 
the telecommunications systems comprise a non-access stratum NAS utilizing 
the services of separate radio systems. 

10 [0015] Let us now examine Figure 1 that illustrates the structure of 

radio systems. Figure 1 is a simplified block diagram that shows the most im- 
portant parts of radio systems and the interfaces between them on network- 
element level. The structure and functions of the network elements are not de- 
scribed in detail, because they are generally known. 

15 [0016] In Figure 1, a core network CN 100 depicts the non-access 

stratum of the telecommunications system. A first radio system, i.e. radio ac- 
cess network 130, and a second radio system, i.e. a base station system BSS 
160, depict the radio systems. The figure also shows user equipment UE 170. 
The term UTRAN comes from UMTS Terrestrial Radio Access Network, i.e. 

20 the radio access network 130 is implemented using wideband code division 
multiple access technology WCDMA. The base station system 160 is imple- 
mented using time division multiple access technology TDMA. 

[0017] On a general level, it is also possible to say that the radio 
system is made up of user equipment, also known as subscriber terminal and 
25 mobile phone, and a network part containing the fixed infrastructure radio ac- 
cess network or base station system of the radio system. 

[0018] The structure of the core network 100 corresponds to a com- 
bined GSM and GPRS system structure. The GSM network elements take 
care of circuit-switched connections and the GPRS network elements take 
30 care of packet-switched connections, some of the network elements are, how- 
ever, in both systems. 

[0019] A mobile services switching centre MSC 102 is the centre 
point of the circuit-switched side of the core network 100. The same mobile 
services switching centre 102 can be used to serve the connections of both the 
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radio access network 130 and base station system 160. The tasks of the mo- 
bile services switching centre 102 include: switching, paging, location registra- 
tion, handover management, collection of subscriber billing information, en- 
cryption parameter management, frequency allocation management and echo 
5 cancellation. The number of mobile services switching centres 102 may vary: a 
small network operator may only have one MSC 102, but large core networks 
100 may include several of them. 

[0020] Large core networks 100 may have a separate gateway mo- 
bile service switching centre GMSC 110 that takes care of the circuit-switched 
10 connections between the core network 100 and external networks 180. GMSC 
110 is located between the mobile services switching centres 102 and the ex- 
ternal networks 180. A public land mobile network PLMN or public switched 
telephone network PSTN are examples of an external network 180. 

[0021] A home location register HLR 114 contains a permanent 
15 subscriber register, i.e. the following information, for instance: international 
mobile subscriber identity IMSI, mobile subscriber ISDN number MSISDN, au- 
thentication key, and packet data protocol PDP address when the radio system 
supports GPRS. 

[0022] A visitor location register VLR 104 contains roaming informa- 
20 tion on user equipment 170 in the area of the mobile services switching centre 
102. The visitor location register 104 contains much the same information as 
the home location register 114, but in the visitor location register 104, the in- 
formation is only temporarily. 

[0023] An authentication centre AuC 116 always resides physically 
25 in the same place as the home location register 114 and contains an individual 
subscriber authentication key Ki, CK (ciphering key) and a corresponding IMSI. 

[0024] The network elements shown in Figure 1 are functional enti- 
ties whose physical implementation may vary. The mobile services switching 
centre 102 and the visitor location register 104 usually form one physical de- 
30 vice and the home location register 114 and the authentication centre 116 an- 
other physical device. 

[0025] A serving GPRS support node SGSN 1 18 is the centre point 
of the packet-switched side of the core network 100. The main task of SGSN 
118 is to transmit and receive packets with the user equipment 170 supporting 



packet-switched transmission by using the radio access network 130 or base 
station system 160. SGSN 118 contains subscriber information and location 
information concerning the user equipment 170. 

[0026] A gateway GPRS support node GGSN 120 is the packet- 
5 switched side counterpart to the circuit-switched side gateway mobile services 
switching centre 110 with the exception, however, that GGSN 120 must also 
be capable of routing outgoing traffic from the core network 100 to the external 
networks 182, whereas GMSC 110 only routes incoming traffic. In our exam- 
ple, the Internet represents the external networks 182. 

10 [0027] The first radio system, i.e. the radio access network 130 is 

made up of radio network subsystems RNS 140, 150. Each RNS 140, 150 is 
made up of radio network controllers RNC 146, 156 and B nodes 142, 144, 
151, 154. The B node is a rather abstract concept and instead of B node, it is 
often called a base station. 

15 [0028] The radio network controller 146 controls the B nodes 142, 

144 under it. In principle the aim is that the equipment implementing the radio 
path including the related functions resides in the B nodes 142, 144 and the 
control equipment resides in the radio network controller 146. 

[0029] The radio network controller 146 takes care of the following 
20 tasks, for instance: radio resource management of the B node 142, 144, inter- 
cell handovers, frequency management, i.e. frequency allocation to the B 
nodes 142, 144, frequency hopping sequence management, time delay meas- 
urement on the uplink, implementation of the interface to operation and main- 
tenance, and power control management. 

25 [0030] The B node 142, 144 contains one or more transceivers im- 

plementing a WCDMA radio interface. Typically, the B node serves one cell, 
but it is also possible to have a solution where the B node serves several sec- 
tored cells. The diameter of a cell can vary from a few metres to tens of kilome- 
tres. The B node 142, 144 has the following tasks, for instance: calculation of 

30 TA (timing advance), uplink measurements, channel coding, encryption, de- 
cryption, and frequency hopping. 

[0031] The second radio system, i.e. base station system, 160 is 
made up of a base station controller BSC 166 and base transceiver stations 
BTS 162, 164. The base station controller 166 controls the base transceiver 



stations 162, 164. In principle the aim is that the equipment implementing the 
radio path including the related functions resides in the base transceiver sta- 
tions 162, 164 and the control equipment resides in the base station controller 
166. The base station controller 166 takes care of essentially the same tasks 
5 as the radio network controller. 

[0032] The base transceiver station 162, 164 contains at least one 
transceiver that implements one carrier, i.e. eight time-slots, i.e. eight physical 
channels. Typically one base transceiver station 162, 164 serves one cell, but 
it is also possible to have a solution where one base transceiver station 162, 

10 164 serves several sectored cells. The base transceiver station 162, 164 is 
also considered to comprise a transcoder that transforms between the speech- 
coding format used in the radio system and the speech-coding format used in 
the public telephone network. In practice, the transcoder, however, usually re- 
sides physically in the mobile services switching centre 102. The base trans- 

1 5 ceiver station 162, 164 has the same tasks as the B node. 

[0033] The user equipment 170 comprises two parts: mobile equip- 
ment ME 172 and UMTS subscriber identity module USIM 174. The user 
equipment 170 contains at least one transceiver that establishes a radio link to 
the radio access network 130 or base station system 160. The user equipment 
20 170 can contain at least two different subscriber identity modules. In addition, 
the user equipment 170 contains an antenna, user interface and battery. To- 
day, there are various kinds of user equipment 170, such as those installed in 
a car and portable ones. 

[0034] USIM 174 contains information related to the user and espe- 
25 daily information related to information security, such as an encryption algo- 
rithm. 

[0035] Let us next examine Viterbi decoding. One of the basic op- 
erations of Viterbi decoding is an operation known as add-compare-select 
ACS. To present it simply, when calculating a Viterbi algorithm, the value of a 

30 branch metric is added to an earlier path metric, a comparison is made be- 
tween the obtained values and the largest value is selected as the new path 
metric. In terms of a hardware implementation, the ACS operation should pref- 
erably be performed in pairs. This way, a unit is obtained that performs two 
ACS operations and has two common inputs and outputs. This type of unit is 

35 called a butterfly in the trade literature. 
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[0036] ACS operations can be performed either by hardware or 
software. In a hardware solution, the connections between the units of the pre- 
ferred embodiments of the invention are selected in such a manner that a set 
of consecutive metrics of a trellis is calculated without storing the metric values 
5 into a memory, i.e. by using the calculated metrics from the previous trellis 
stage directly as inputs of the calculation of the next trellis stage. In a software 
implementation, a corresponding solution affects the storing methods between 
the input and output data. 

[0037] Figure 2A shows an example of the implementation of such a 
10 twin ACS unit 200. The path metrics of two nodes in the previous column are 
used as inputs 202, 204. Two new path metrics of the next column are used as 
output 206, 208. Branch metrics are also used as input 210. The unit com- 
prises four adders 212 to 218, in which the path metrics and branch metrics 
are summed. The outputs of the adders are taken to comparators 220, 222 
15 that check which of the sums are the largest or smallest, depending on the im- 
plementation method. Decision signals are transmitted from the comparators to 
multiplexers 224, 226 that direct the selected sums to the output as path met- 
rics of the next column. The decision signals can also be taken as output 228 
from the unit. Figure 2B shows a simplified presentation method of a twin unit. 
20 For the sake of clarity, branch metrics are not shown in the figure. 

[0038] In one embodiment, the input pairs of the twin units are se- 
lected and the connections between the twin units are grouped in such a man- 
ner that the need for a cache memory is minimized. The grouping and connec- 
tions of the twin units are selected in such a manner that the path metrics in 

25 the output of the twin unit can be immediately used as an input signal for the 
next twin unit. The path metrics in the outputs need then not be stored in a 
cache memory. Let us first examine binary trellises, in which one state can be 
reached from two states and correspondingly, two states can be reached from 
one state. If the number of data paths is P, it is possible to calculate log 2 P 

30 path metrics for one memory read/write operation. This means that one state 
can be reached from two states in the previous column and each of these two 
states can have been reached from two states in the column previous to that, 
etc. That is, a certain state can be reached through x steps of 2 X different 
states. In the presented solution, the connections are arranged in such a man- 

35 ner that no more than 2 X states required for the calculation of the state in ques- 
tion are calculated through x steps. In other words, x=log2P and 2 X =P. The 
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connections can preferably be selected so that the same connection can be 
applied to calculating several columns. 

[0039] In other than binary trellises, i.e. trellises in which one state 
can be reached from more than two states and correspondingly, more than two 
5 states can be reached from one state. The above log2P then changes into 
logyP, wherein Y is the number of connections leaving/entering one state. 

[0040] Let us examine Figure 3A that illustrates connections be- 
tween twin units. The figure shows the calculation of a 16-state code trellis. 
Each column thus has 16 states numbered 0 to 15. The figure shows fours 

10 trellis columns 300, 302A, 304A and 306A. The implementation uses two 
banks of four twin units. Thus, the number of data paths is eight. The path met- 
rics of the first column 300 read from a cache memory are the first inputs for 
the two twin-unit banks 308A and 308B. The path metrics of the next column 
302A are in the output of the twin units. The figure further shows the same col- 

15 umn 302B regrouped. The lines between the columns 302A and 302B show 
the regrouping. By means of regrouping, the path metrics in the output of the 
twin units 308A and 308B are directed to the inputs of the next twin units 31 OA 
and 31 0B in such a manner that a cache memory is not needed. Correspond- 
ingly, the outputs 304A of the twin units 310A and 31 0B are grouped to form 

20 304B to the inputs of the twin units 312A and 31 2B. The metrics 306A in the 
output of the twin units 31 2A and 31 2B can also be grouped to form 306B, af- 
ter which they are stored into the cache memory. Because there are 8 paths in 
the example of Figure 3A, 8*log 2 (8) = 24 path metric calculations can be per- 
formed per eight read/write operations. The read operations are thus per- 

25 formed to the metrics 300 and the write operations to the metrics 306B. 

[0041] As can be seen from Figure 3A, grouping can be done in 
such a manner that the lines are the same between different columns. This 
facilitates the implementation of the equipment. It is for instance possible to 
utilize banks of four twin units in the implementation as shown in Figure 3A. 
30 The twin unit bank and the following grouping repeat in the same manner six 
times in the example of Figure 3A, so the same banks can be utilized during 
different stages of the calculation. 

[0042] Figure 3B illustrates another example. The figure shows a 
section of a 256-state code. At time instant n-2, path metrics 314 are read from 
35 a memory and taken to a twin unit bank 316. The calculated metrics are further 
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taken to twin units 318 and 320, from the output of which metrics 322 are ob- 
tained and written into the memory. In steps 324, the path metrics are proc- 
essed locally and no memory read/write is thus necessary. 

[0043] Calculating a trellis by means of twin units and the connec- 
5 tions between the units can be implemented in several different ways. Let us 
examine Figures 4A to 4C. Figure 4A shows a memory 400 and three twin-unit 
banks 402, 404, 406 in a cascade connection. The metrics calculated in the 
previous bank can be directly taken to the inputs of the next bank without using 
a cache memory. For instance, if the number of data lines is eight and each 
10 bank thus has four twin units, three banks can preferably be connected after 
each other, and the outputs of the third bank 406 are written into the memory. 

[0044] Let us examine the implementation of the example in Figure 
3A by means of the arrangement in Figure 4A. In the first step, the bank 402 
reads from the memory 400 to its inputs the eight highest values of the path 

15 metrics 300 and performs the calculation. The results, i.e. the eight highest 
values of the metrics 302A, are entered as input to the bank 404. At the same 
time, the bank 403 reads from the memory 400 to its input the eight lowest val- 
ues of the path metrics 300. The banks 402 and 404 perform the calculation 
and the result of the bank 404 (the eight highest values of the path metrics 

20 304A) is entered as input of the bank 406, and correspondingly, the result of 
the bank 402 (the eight lowest values of the path metrics 302A) is entered as 
input of the bank 404. The bank 402 does not calculate at this point. The 
banks 404 and 406 perform the calculation, and the result of the bank 406 (the 
eight lowest values of the path metrics 306A) is written into the memory 400. 

25 The result of the bank 404 (the eight lowest values of the path metrics 304A) is 
entered as input of the bank 404. Finally, the bank 406 performs the last calcu- 
lation and the result of the bank 406 (the eight highest values of the path met- 
rics 306A) is written into the memory 400. Trellis calculation can be concate- 
nated in such a manner that there is no idle time in the banks. 

30 [0045] Figure 4B shows the memory 400 and three twin-unit banks 

402, 404, 406 in a parallel connection. The arrangement comprises switches 
408, 410 for guiding the path metrics between the memory and banks. 

[0046] Figure 4C shows the memory 400 and one twin-unit bank 
402. The arrangement comprises a switch 412 for guiding the path metrics be- 
35 tween the memory and bank. For instance when performing the calculation of 
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Figure 3A, the arrangement of Figure 4C allows the path metrics to be taken 
directly from the output of the bank back to the input of the bank. Initially, the 
switch 412 is in its low position and the bank 402 reads from the memory to its 
inputs the eight highest values of the path metrics 300 and performs the calcu- 
5 lation. The switch is turned to its top position and the results, i.e. the eight 
highest values of the metrics 302A, are re-entered to the input of the bank 402, 
The bank 402 performs the calculation and the result (the eight highest values 
of the path metrics 304A) is re-entered to the input of the bank 402. The bank 
402 re-calculates once more and the result (the eight highest values of the 
10 path metrics 306A) is written to the memory 400. The switch is turned to its low 
position and the bank can read new path metrics from the memory 400. 

[0047] Figure 5 illustrates an example in which the calculation is 
performed by program. The figure shows an arithmetic logic unit ALU 500 that 
is responsible for the performance of calculations in a typical processor. The 

15 arithmetic logic unit obtains the data it requires for the calculation from regis- 
ters 502 that are quickly readable storage locations. The number of the regis- 
ters is limited even in the present processor solutions, so in addition to them, 
the processor also comprises a memory 504, into which processed data, such 
as intermediate results that do not fit into the registers, can be stored. The 

20 read/write operations of the memory 504 are substantially slower than the 
processing of the registers. The processor is clock pulse-controlled in such a 
manner that one calculation or register read/write operation is typically per- 
formed during one clock cycle. Memory 504 read/write takes several clock cy- 
cles. The clock pulse is not shown in Figure 5. 

25 [0048] Reading data from the arithmetic logic unit 500 to the regis- 

ters 502 or transmitting data from the memory 504 to the registers 502 is done 
through a multiplexer 506. If the result of the calculation is for instance taken 
from the arithmetic logic unit 500 to the memory 504, it typically takes more 
than one clock cycle. Reading data from the memory 504 to the arithmetic 

30 logic unit through the multiplexer 506 and registers 502 takes three clock cy- 
cles. The result of the calculation is taken from the arithmetic logic unit to the 
memory 504, which takes one clock cycle. If the result of the calculation is 
taken from the arithmetic logic unit to the registers 502, it takes one clock cy- 
cle. 
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[0049] In the preferred embodiments of the invention, the results of 
the calculation need not be stored into the memory 504, but the data can be 
kept in the registers, since the output data of the previous step serves directly 
as the input data of the next step. Fewer clock cycles are then required for 
5 data transmission and the calculation becomes faster. If 16 registers are allo- 
cated for the storage of the path metrics, the use of the memory 504 is re- 
duced by 75%. If 8 registers are allocated for the storage of the path metrics, 
the use of the memory 504 is reduced by 66%. 

[0050] The connections between the ACS units and/or the grouping 
10 of the path metrics can be stored into the memory or state machines in ad- 
vance. Another alternative is to perform the definition of the connections during 
decoding. If the definition of the connections or the grouping of the path met- 
rics is done during decoding, a state machine is then needed that provides the 
correct values at the correct time. 

15 [0051] Let us yet examine the flow chart of Figure 6 that illustrates 

an embodiment. In step 600, a set of metrics is read from a memory as input 
into ACS units. In step 602, the metrics of the next stage of the trellis is calcu- 
lated in the ACS units. If it is not yet necessary 604 to store the calculation re- 
sults into the memory, the obtained metrics are in step 606 taken from the out- 

20 puts of the ACS units to the inputs of the ACS units for the calculation of the 
next stage of the trellis. Steps 602 and 606 are repeated one or more times. 
When it is necessary to store the calculation results into the memory, this is 
done in step 608. The need to store the results into the memory thus occurs 
when log 2 P path metrics have been calculated per one memory read/write 

25 operation, wherein P is the number of parallel data paths. 

[0052] Even though the invention has been explained in the above 
with reference to an example in accordance with the accompanying drawings, 
it is apparent that the invention is not restricted to it but can be modified in 
many ways within the scope of the attached claims. 

30 



